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researchers were concerned with *the later adaptation of the infant to 
his^ environment regardless of any biological deficit. Therefore, a 
child with mcrtor or sensory handicaps who progressively compensates 
sufficiently sb that. he doe^ well cggnitively and affectively removes 
himsej-f from, tAe risk category. Five examples of the use of this 
system were* presented. The researchers^ expressed concern about 
lat/eling^ inf antsV"high risk", too early in life because such a label 
can be very disrirotive to care(5dver-c.hild attachment and interaction. 
However, intervenmon was advocated for those infants with persistent 
deye"lopmental problems which make them vulnerable to any adversity iri* 
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'There are numerous biological and environmental factors that plsce 

an infant at risk* for later developmental dis.ability (Pamielee & Haber, 

1973,^ Sameroff & Chandler, 1975, Hunt, L975). lit is almost impossible 

to study all aspects of this problem at once. Yet, in selecting varia- 

bles to study it is helptul to remember the complexity ot .transactions 

betx^een the infant and environment. We will not attempt to present a 

comprehensive review of all variables that place ^an infant at risk or 

all possible assessment techniques. Instead we will discuss how we 

'addressed^ this probleip and how we made our selection of assessment tech- 

niques., We realize that others might make entirely different selection^ 

based on the same information with equal justification. 

In our study we decided to focus primarily on infants initially 

.considered at risk because they had suffered hazardous biological events 

This is of great interest to physicians who are hopeful of eliminating 

those biological events c^ntrib«ting most to development^ disability. 

t'hvsicians are also likely to be concerned with later bioXogicai^lsa- 

bilities such as cerebral palsy, seizures, impaired hearing or vision, 

or severe retardation. In par.t this is because tHese outcomes are more 

definitive than those developmental ^disabilities that include milder 

degrees of retardation or affegt disturbances. On the o.ther hand, the 

latter are by far the most important social ^problems in terms of numb/^r, 

of individuals and cost to society. 

» * S * 

We<are concerned with the total adaptation ; of the infant to his 

environment regardless of any biological deficit. A* child with a motor 

or sensory handicap or seizure disorder who progressively compensates 

sufficiently so that he does well cognitively and affectively rcjnoves 

✓ I 




himself from the risk categorv* He no longer has a developmental disa- 



bility in the cognitive or affective sense. On 'the other hand, an 
infant with no manifest rao^or or sensory handicap "or sign of neurological 



disorder wtio persists in poor cognitive and/or affective performance is 
a child we consider continuing at high risk for later developmental dis- 
abilitv. Thus, for us developmental disability is defined primarily bv 
cognitive and affective performance, \ 

This concept of developmental disability is best suited to the* 
study of intervention procedures which are directed^at helping the Irtfant 
adapt to his environment successfully despite any biological deviance. 
Tt recognizes the fact that we will probably never 'be able to eliminate 
all biological defects, not only for lack of knowledge, but also because" 
of lack of social ^application of available knowledge, 

',The next question is how early and how precisely can infants be 
identified for 'developmental risk. To classlfv all infants as at risk 
whose mothers had some unusual event occurring during pregnancy, labor 
or delivery or who suffered some neonatal problem results in as many 
as 60% of all newborn infants being placed in a risk category. However, 
most of these babies will do well without parti-cular intervention. We 
need to be more precise^in a definition of risk to ayoid^i^ilse labeling 
of infants and waste of "Ynanpower in needless surveillance and inter- 
vention (Rogerjs, 1968). 

The concept of a cohtinuum of pregnancy or a' continuum of casualty 
implies that outcomes for a variety of pre)^nancy and perinatal events 
may have both lethal and sublethal out'comes (Lilienfeld & Parkhurit, 
1951, Knobloch & Pa.samanick, 1960). The sublethal outcomes include 

\ \\ y\ \ 
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neonatal mo^rbldlty and iJ^er developmental disahMj^tv^ This suggests 
that we can isolate single prenatal, perinatal, or neonatal risk factors 
bv identifying those associated with the highest mortality and- morbidity 

i 

in the neonatal period. However, there have been no, or very low, corre- 
slations between single obstetrical events and later outcome (Buck et al, 
*1969, Niswander et al, 1966, Nelson, 1968, Parmelee & Haber, 1973). The 
use of clusters of such "events has been somewhat more successful for ^ 
predicting outcome differences with groups of infants, but, not for 
individual |.nfant8. Fven such global and clinically significant cate- 
gories as neonatal hypoxia or prematurity are not strong predictors of 

developmental di^bility for individual infants though the incidence is 

\ 

somewhat greater in these groups than in the general population. 

There are Several reasons for these findings. One is that many 
prenatal, pregnancy, or perinatal risk events result in transient brain 
insult rathier than permanent brain ittjury. Another is that environment- 
al factors, may have a stronger influence on behavioral outcome in' some 
instances than theee early biological events (Hraham et'al, 1962, Drillien, 
1964, Braine et al, 1966, Wiener et^al, 1968, Drage et al, 1969 , Werner , 
et al, 1971, Hunt, 1975). ' ' 

In devising ojur risk score system we decided to consider multiple 
factors as cumulative in determining degree of risk. We also wanted 



^ *io use a S t 
account ong 



trategy of mtiltiple short term predictions that take into 



igoing change, resultir)^ from transactional processes between 
the individual and his environment- The r isle , score system considers 
the following clinffcal observation^: Iw Many perinatal problems cause 
only trSn^ent insult, rat'her than p'|m^aQ^t brain injury. ThuSj in the 
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newborn period, babies may appear equally ill upon examination but some^ 
will recover completely. 2. Some pregnancy and perinatal problems' 
cause brain injiiry that is not manifest in obv.ious ways in therneonatal 
period, but, the deviance becomes more evident as complex behaviors 
unfold during infancy. 3. Some parfents appear intuitively able to 
provide an optimal environment for an^ infant with mild neurological 
deviances t;hus allowing him^ to compensate. 

With these points in mind we decided -th|it a useful risk scoring sys- 
tern might be one that: Scores prenatal, natal, and neonatal biological 
events and neonatal behavioral performances in an additive fashion; 
assesses the infant in the first months of life to sort' out those 
infants with transient brain insult from those with bra^tfinjury who 
remain deviant: assesses the infant again primarily on a behavioral 
ti^sis later in the first year of life, providing time for environments 
to^ave an effect op developmental progress. 

-TOe risk score -system i^^ntenc^d to be applicable to any popula- 
tion. HoweN^er, in our study we have concentrated on infants born pre- 
term in order tia deal with a sample that might have a larger number of 
infants at high risk^than the general newborn population (Parmelee et 
al, 1975^, 1975^). ^ , ^ 

As soon as each familyMoins our project, they are assigned to a 
team composed of a public healtK^nurse and pediatrician': There is 
frequent contact between the team ahd the family in the form of home 
visits., well-baby clinic appointments, at\d telephone calls. This type 

of suonort service Is helpful toNj^ll the narWs and- thelr^^ldren, and 
faclllcaces our longitudinal evaluations, 
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Apse 3 s men t Tec h n 1 qu e q ^ v 

Mavinp discussed our general stratep,v and the information on which we ^' * 
based it ue will rdlscuss the specific assessment techniques and the ration- 

ale for their selection. Our risk scoring svstem consist'fi of five neonatal 

\ 

measures, four measures at 3 and, 4 months, and five at 8 an.d 9 ^months. TVfese 

». " 

are listed in Table 1. 

All tests are administered at the seme conceptional ages. Concept- , 

\ 

ual ape is the age from the onset of the mother's last menstrual period to ^ 
time of testing/ It is equal to the gestational aj^e nlus age from , 

birth. Thus, a pre-term infant of 34 v^eeks gestational age at its expect 

* # 
od date of birth will have a conceptional age of 40 week*^, the seme 

' • < / 

8S a newborn full term infant of 40 'weeks gestation. This concept nakos 
possible to administer testa to pre-term infants of varving ,gesta'tional ar^es 
and full term infants at comparable biological conceptional ages (Parmelee 
and Schulte, 1970). In the following paragraphs we v^ill discuss the assess- 
ment techniques in the chronological order in which they are administered ."J- 

Obstetric and Postnatal Complications 

0\jr first' formal evaluatfons are made in the neonat'al period a^t term, 

but, we also wished to assess hazardous events that oqcurred in the prenatAl, 

natal or nostnatal periods. . For this latter purpose we developed tw measures 

that are cl6sely related. The first measure, the OMtetric Complications * 

\ ^ / 7 

Scale XOCS), covers events r^lat^ to the prenatal and natal periods, incUid- 

ing the onset of resniration and Apgar score:' The second measure, the ^ost^ 
natal Complications Scale, covers risk events qccurring following the Apgar 
assessirfe^t through the first month of life* . It is out impression from re- 
view of published studies that acute natal ewnts mav be highlv associated' . 
with neonatal mortality, x^7i\ereas maternal characteristic^, orenatal, and 
neonatal events are more likely to be related to long term developmental outciomc 
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'Thp ors co,nsi.5^ts of 'a list of broad cat;ep,ories of itoms whlvJi cnu hi 
Joflned as mn^timal or non-ontimal. These includt^ matornal charact eristic^;' ^ 
<x\rU \- mother'^s <ip.cs health, and prior ohstetrical historv» preKiiarv> v-vencs 
nuJh as lUness, bleeding and hypertension: Infant items relating to ^irth 
events, onset of rnspiratlon and the Apgar score, r This system eliminates 
the problem of dealing u'lth an almost infinite l,ist of possible hazardous, 
i\plated events. The ass^ssiiiant is self -^weighting 'based on the assumption 
that if a non-optimal event is particularly hazardous a chain of associated 
non-optimal events wil.l occur. For example, the loss of a point because the 
mother is above or below the specified age or because of a bleeding episode 
d;axin^ tl^e pregnancy will \e. of no. consequence if no* oth^r events occur. 
On the other hand, a mother above^the optimal age', x/ith helper tensioij, nip.ht 
have bleeding due to abruptio placenta whic.h necessitates an emergency • 
Caosarean section. Her* infant might haye an Apgar score of 5. This chain 
of pvents, would result in the loss <S^f a number of points and a deviant 
ndn-optimal score. This system is deVived from the optimal scoring technique 
developed by Prechtl (1968). His method has the additional advantage cjf 
having been validated bv neonafcal behavioral measures rather than Infant 
morbidity or mortalitVi ' * . * * 

lather tvnes of scoring systems also have been developed. For oxamrl^, 

/ 

^ Mcnbitt and Aubry (1969) examine maternal cl^arac teristics and prenatal 

problems in order to identify phe pregnant t^man at risk for deliyery diffi-- 
r'litv. T^ter Aubry and Penninj^ton (1973) added a l^bor .Index for ^:^«^.eqfin^ " 
Intrapartum events r~ Another comprehensive technique is being used by !Iob<^l 
and his asBociates C1973) . This group used a scoring system covering three 
[)hases' prenatal, intrapartum and neonatal. It diff>^rs from ours^in that 

ti e Intrapartum phase ends'with delivery and ojnset of breathing of ^Le ^ir^nt 

f ' . ^' ^ . ^ 

is included in the neonatal portion. The advantage ofy this system is that 
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(lata from each phase can bh us^d to make pro^lictions reoardint^ events in - 

\ • ' 

succcGdlnp, phases and the items can be welphtod x>n this -basis/ However, the 

.outcomes refer to medical complications rather than to inl^ant behayfor. 

- / - V * 

. We also have a method for scoring, hazardous events occurting in the 

first month of life but after the initial adaption to extrauterine life in. 

the fitst minutes after birth which are included in our OCS. We call thi*^ 

our Hpstnatal Complications Scale. This is particularly important for^ infants 

.born pre-term who commonly have many problems in ithe first weeks of life* It 

Is also aoplicable to the full tern JLnfant. Again, as with prenatal and 

natai problems, listing all possible'^intoward events was^ unwieldy and insuffi- 

ci^nt data exist to select or weight specific items. We could not^^find a 

scorinr^ system that met our needs and x>70uld also be applicable for medical 
♦ • <- ' 

redqfds^v^lable in most hospitals. *^osrt systems used today have used 
sirtgl'e items or clustered perinatal and neonatal events (CrahaiA et al, 1^57, ^ 

^l^^ik ^t al, 1965, Werner et al, 1971). The neonatal portion of the scor-- 
Inppisystem of Hobel et al (1973) would have beeq appropriate had we also 
u<^ed 5^eir prenatal and intrapartum scoring system. The optimal scofTT»g | 
technique seemed appropriate here too. ^nd a^ain,, could be designed to be 
self ii'eighting. Por example, an infant might have respiratory distress but' 
no other problems and lose only one point. However, if th6 respiratorv 
distress was severe he might also have^ a metabolic di?^turhance and infection 

, and lose a number of. points resulting in a deviant non-optimal ficore. 

?Jeonatal Assessments 
The a<;sessment ,of neonat?^! behavioral -.and neurophvsiological int^<^ritv 
IH^^ci! several 'ilfficult proMonq; particulnrlv the question of ^ h<'>n to do 
eval'uations . ^^ile^ there are several assessment techniques that define ^ 
ma turational^ se/fuences fin' behavior , sensory cerebral evoked responses. 



electroencephalogram, sfkd sloop states, none deal sufficiently witH the 
range of not^nal and abnormal characteristics a^the various gestational* 
ages^ so' that deviance. may be det'ertnlned.| 'They were -^designed for anot^i 
purpose- which is to determine maturity of the nervous ' system and define 
gestational age (Graziani/ et al, 1968, Parmelee et al, 1968^, Amiel-Tison 
1968,' Dubowitz & Dubowitz, 1970). By doing our behavioral and* ne\iro- 
physiological assessments at term concqptional age, AO'^eeks, we can 
use norms established for full term'newborn Infants and compare' the 
^responses of the pr^-tenn itfants arrived .-at this age with t+ie term born 
Infants. This gives^ us a measure, of whether the neu^logical organ;}.- 
zation of the infant born pre-term is progressing as well as that of the' 
infant carried to term. 

Of the neonatal neurological and behavioral measures I will discuss 
the sleep ^polygraph first. It is the only available combined assess- 
ment of behavioral organization, electrical activity of the cortical 
neuropil, and the cybernetic coordinating' mechanisms of the nervous 
system. It is als^ our most cWplTcated measure from the standpoint 
of Astruraentation, and* is the most difficult for the parent^ to under- 
stand. * The sleep poiygraph consists of the simultaneous recording of 
electroencephalogram (EEC), respiration, eye movements and body move- 
ments. The recording extends over'^'a two hour period after st feeding to 
ensure the possibility of including a complete cycle .through active and 
quiet sleep ps defined by the non-EEO parameters, eye movements, 'bddy 
movemerits and respiratory pattern^ Ouiet sleep is characterized by/ no 



bocfy or eye movements a«d regular respiration .apd Active sleep by the 
presence of eye movements and body movements and irregular respira^:ion. 



Periods when these criteria are not luet are consider^ as undifferentiated 
and are called transitional sleep because they usuall^y 'occur at^the onset 
of sleep and during shifts, between states. ^ ' , 

State orgairLzation as' defined by these three parameters reflects the 
development of cybernetic controlling* mechanisms of Ascending and descend- 

■ ' ■ <L 

.ing activating systems in both brain stem and higher centers. The EEG 
reflects activity in the cortical neuropil which varies depending on ^j^e 
degree of control by brain stem pace makers. We have defined four EEG . 
patterns* that occur in normal full term newborns and the frequency of ^ ^ 

occurrence of. each pattern in each sleep state identified by non-EEH 
parameters. Thus with a sl^ep polygraph we can assess the level of 

- development of sleep state cybernetic controlling mechanisn^s Independent of EEC 

» ( 
since sometimes these are well organized when the' EEC is poorly organized. 

^igcan also determine whether or not "the expected frequencv of EHG patterns 

is present regardless of state and if these patterns change concommit- 

* * ^ 4 ' a 

tant with state changes (Dreyf us-Br isac , 1966, Parmelee et al, 1967 , 

1967^, 1968^, 1968^, Prechtl et al, 1968, 1969, Stern et al, I9Ji9, ^ ^ 

Anders et al, 1971) . * 

We have established an optimal expected score for^e total poly- 
graph and points are lost for each item not meet-inp, our specif^-ed ^ 
expectation. An infant could end up with a non-optiraal total either 
because of poor sleep state organization independent of normal EEG 
patterns or normal sle^p state organization without the expected EEC ^ 
pattern changes or both.. Of the latter, the most coflimon deviant find- 
ing is the persistence of a single EEG. pattern through all state changes. 
This EEG pattern may appear quite n'Srmal but seems to be locked to some ; 



\ 
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tinknown pacemaker Independent of the other, sleep state parameters. /| 

Since a non-optlToal slee|^ polygraph may be transitory as with any 
other deviant findings on our. assessments, if is done at two ages, 40 
weeks conceptional age (term'),kand 3 months, past teP^, .53^weeks^ con^p--^ - 
tionW^ageJ Persisting deviance in the second record is considered to 

be 'Of additional significance and will be reflected in the curauUtive 

/ * 

risk scdre by two non-optimal scores, 'As previously stated if the 

' \ 

sleep polygraph has significance with respec't'to the behavior of the 
infant then the iame baby would be expected to have some^ non-optimal 




scores on the behavioral measures. ' * ^ A ^ ' 

In Addition a clinical neona'taTl neurqlogical examination was con-. ^ ' 
sidered important since it could identify a different ^,roup of neurolog- 
Ically ^eviant infants, tha^ those selected'^ by the sleep polygraph. . , 

'Sixc^u items 8S hypotonic or esymmetrrc responses of the extremiti,es 

or deviant eye movements might , be 'cr:tiC8l^ but^ would not be noted 

.n'tne sleep polygraph. There ere severe k^<ell designed . ^ 

*- • . ' J, ^ . 

newborn neurological •examinations available, particularly those of 
c|aham (1956); Hrechtl & Beinteraa <196A) , and^Braz^ton (1973). ^The 
most extensive neonatal and follow-up validation studies have heen ^ ^ 

the Graham ana Prechtl es^aminations (Grahai% et al, 19-62, PrechtJ^ 1968, Rosen- 
blith, I97A) . Any of these might *have been selected. The Prechtl and Ura'zeltc 
examinations take the longest to administer and do not result in a 
numerical summary score. Both factors were of some disadvantage to us.* 
For several years one of (Parmelee) has been developing a newborn 
^neurological examination that is ^short, easily administered and not 
i^nduly Stressful to sick infants. The examination assq^qses orgar^zed 

^patterns of behavior, myotatic tonus, and states o£, arousal. We- have_^ 

. • ' , . : V 

. -10- 



norms for our he\^born neurological examination for full term infants and 
have found that if is equally applicable to Pre-term infants at 40 weeks^ 
.conceptional age, which is their expected date of birth.. 

We also wanted to^exp^lore visual responses in early infancy. At 
term conceptional agef th« infant's att;ention tp a 2 x 2 black and whifig 
checkerboard and to* the satire checkerboard illuminated with ^flashing* 
lights is observed and recorded. This test follows 'the- newborn neuro- 
logical examination, which is\ arousing for most 'infants, and a brief 

,.. • ^ 7 ' - ■ 

feeding period aimed at calming the child-. 

Rather than scoring best perforiitance Dver a .series of tests, we 
have thosen to measure performance following a sta;j^a^d±zBd situation 
which appeared tJ maximize attentiveness during 'pHo/t t^tin^ (Sigman 
et. al, 19.73). . The aim of this measure is to id^ejv^lfy the balanpe that 
an individual infant is a^le to maintain between his responses to exter- 
nal and internal stimulation. In jother words, the infant who is able 

" ^ ■ . A 

to suppress iiiternal cues in order to attend to the visual targets' 
will show a longer duration of attention than an infant whose internal 
states are overwhelming ?or whos.e tie to the environment is weak,. The 
ability to sustain attention during e^rly infancy may be a precursor 
of curiosity In the child. Furthermore, interest in the environment 

and cognitive development seiem closely Jinked . An infant with the capa- 

&^ 

bili^y and motivation to interact with his world may have additional 

advantages in his opportunities for learning. 

As an alternative to studying attentiveness y,one might examine 

visual preferences. Preference for novelty vreuld not be a viable qholce 

/ - .■ 

since the tendency to habituate seems limited among nevrborns. However, 

-11- 



recent work by the r,roup.- f rom .Case W^Wtern ^Reserve University suggests that, 
the ahsenc^ of certain visual' preferences may be'' dlag.nostic of poor develop- 
ment (Miranda this issue)\ One difficulty in examlnlnp; ylsual preferences 
in newborns is that their attention span is iimited and subject *to state? 
fluctuations. Any test of newborn preferences \wuld require frequent- re- 
tests and this is -tfTf f Icult xo 'do with a large studv population. ' . 

Four rtonth Assessments \ 
As we moved to our studies of the otder infant, the purposes and 
types of assessments changed. At four months, the evaluation of visual^ 
preferences Is feasible within one test period and can be used with a 
larr,e number of subj\{cts. Most four-month-olds will spend considerable 
time looking at visual stimuli provided the experimenter uses attractive, 
salient stirayli. Furthermore, most studies indicate that four -month- 
olds show strong preferencQS for complex, novel, and face-like stimuli 
(Fantz, -1964, Haaf & Rell, 1964, Brennan et al, 1966, Karmel, 1969, 
Fagan, 1970). We chose to examine the presence or absence of these 
preferences in order to determijie v/hether high-risk infants showed the 
same visual behaviors as norm^lv developing infants (Sigman 6r Parmelee, ' 
1974)*. . 

' To some extent, the measure of visual attention at four months . 
repeats the evaluajjxn^ at term in that the infant's overall level of 
sustained interest can be assessed. However, the four-month-measure 
also evaluates early perceptual^ and cognitive processes. The ability 
to discriminate stimuli, to habituate to repeated presentation, of the 
same stimulus, and to show differential preferences for novel stimuli, 
depends on perceptual and memory de}^^opment. Tliese tvpes of functions 
cannot be examined with other methodologies before six months of age 

• -12- 



since the^ounger infant! iaJnot capable of complex mdtor responses. Thus 



visual attention measures 



c^l^, perhaps, identify delays in per<cep£ion or 



iijemory^ at ages when other t^ghniques are less useful, 

In designing this raeaai;r)B, we decided to use simultaneous presenta- 

' W 

tions of stimuli rather thaw- successive presentations since a study com- 
paring the two proceduresMound that the simultaneoqs technique was 

somewhat more sensitive ^^eenberg & Weizmann, 1<^71). Furthermore, we 

* 0? ^ > " ' j 

focused on preferende for novelty rather than the habituation paradigm ^ 

as one study (Pancratz & Cohen, 1970) reported sex differences using the 
latter techltique and wp^^^ffshed to avoid this Icind of effect whenever 
possible. We also used fi^fed trial rather than inf^nt^controlled trial 
length because most of • the information derijf/^from attention studies 
which we were using had been collected in experiments using the fixed^ 
trial 4>rocedu?*e. ^^ile infant control of^ trial length' mj-g^t lessen the 
incidence of distress ^ stat^^luctuations during testing have not proved 
to be a major problem. Most infants begin to cr^ at the start of test- 
ing if they show distress at all., and in these cases, re testing is nec- 
essary. Somexinfants do fuss during the habituation trials but this is 
usually intermittent and attention is maintained: in these instances, 

■ \ 

testing is* continued,, • ^ , • . - 

Trhe most important modification to be made in the procedure if ^it 
were redesigr^eti with our present information would be to put more erapha-' 
sis^on preference for novelty and less on preference for complexity. 
We find that preferen^ for complex stimuli is almost universal 
► among our infants. At present, the data has n^t been analyzed in order 
to identify finer .discriminations between stimuli and this may turn up 



. / 

differences. Howe^r, preference for novelty seems to, be more strongly 
infl^xiceS by risk status. 

Since all infants are subject to illnesses that have significant 

0 

consequences for their behavioral development it is important to make 

^> V • 

some assessment of their ongoing physical development and the occurrence 

of illn^sses^^ injuries, and surgical procedures. In devising such a 

Pediatric complications scale once more we used an optimal scoring tech^ 

nique that is self :weighting. Deviance - from ♦an expected rate of weight 

gain, growth in length or head circumference cauSes a loss of a point 

C 

as does any illness, injury, or surgery. An additional point is^ lost 
ifv^there is hospitalization for the illness or injury^ Points are also^ 
lost for severe feeding or sleep disturbance or excessive crying since 
thes^r-eften occur in neurological disordeiig^ in infancy. Physical 'abnor- 
maliti^s also cause loss of points. Some of these though congenital in 
origin are not obvious at birth but are manifest later such as congeni- 
tal heart murmurs', eye, squint, or cerebral palsy and therefore are 



important, items on this scale. If the physical problems hav^ not inter-" 
fered with the child's behavioral development then a non-optimal score 
on the Pediatrics Complications Scale will^not have a major effect on 
the total cumulative score. On the other hand if the health problems 
are difficult for the child and parent to cope with, then some behavioral 
scores may be affected an4» this should be cumulative. ^ 

Our Pediatric Complications Scale supplements our Obstetrics and 
Postnatal Complications Scales. The Pediatric scale is scored at A 
months and 9 months, post-term and:>covers the preceeding period. These 
time>'Spans are selected to correlate||g.th the battery^of tests at 4 
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months, and 9 months. In this way if there is unpxpected,lv poor per- 
fortnance on 8ome»behavloral assessment at one ao;p period we can see if 
an'V physical problems mi^ht accourtt for this. 

We use the Cesell developmental evaluation- at 4 months as ^ global 



measure of behavioral development since it Includes vocal and social 
behaviors as well as motor responses. It is also aW excellent technique 
fbr the -clinical neurological assessment of infancs in' that^ diverse 
sensory and motor behaviors are elicited bacause jDfv^he variety of sit~ 
uations presented to the infant. For examnle, mild hemiplegias ar^ often 
more easily identified in this way than by classic deep tendon reflex 
ejcanihations. At 4 months of 'a^e, the Gesell develonnentai exam is the 
counterpart of ouj: newborn neurological examination (Knobloch & PasaraanicV 
1^74^. 

Right and Vine Month Assessments 
In the last phase of our evaluation period, when the infants are 
8-<^ months "^h^d>. we introduce behavioral assessments that rtiay tap differ- 
ent aspects of- cognitive functioning. The aim of the first m&sure 
administered at eight months is a dual assessment of reaqh and grasp 
patterns; and use of sensory-motor schemas demonstrated by infants. 
Observaf^le individual differences are evident at tSis age prompting our 
interest in^etermining whether factors relating to fine motor coordina- 
tion influence early learning (Kagan, 1971, Kopp, 1974). Might informa- 
tion intaWjfc be affected by the infant having to divert his attention • 
from object exploration to attend to control of reach and grasp? ^t 
this age most infants approach a desired object quickly, with arm mid 
hand orepositioned for 'accurate grasp (Halverson, 1932, Bruner, 1970, 
Bruner, 1973). However, a small group of full term infants and some 



nretcrm babies (iemonstrate .d^f^cultv in execntln^! anticipatory motor 
'adjustments" of 'arm and hand prior to making contact witk an object. We 
do not know whether such behavior represents a short period of immatur- 
ity and is of little consequence or if it ifi related to early cognitive 
development. Obtaininj^ understanding of thi>^issue has ramifications for 
diagnosis as well as modes of tehabilitation. 

The procedure we use involves video taping the baby's initial 
approach and grasp of a cube. The Infant sits on a crib v;lth a plat- 
form tray placed In from'of him. After the session, bohaviors are 
coded for evidence of approach behaviors^ propositioning and'accuracy. 

The second part of this measure is an assessment of all sensory- 
•motor schemas cfcefiwnstratGd bv the In-fant when he is given another set 

I 

of test-^Jects;^ '^.T^ffants usually show many simil^ir ities in their use 
of schemas a 1 thou gli" idiosyncratic behaviors are noted also. However, 
there are differ^tioes in the frequency of use of more mature types or 
object exp c atlcVs, (l^zp.iris & Hunt, 1966). Some infants mav demon- 

• ' • " -. • 

strate a considerabi^e amount of visual-manipulative exploration by look- 

In^* at the object and turning it around in their hands, while other 

Infants may do thi^| brief Iv o-r not at all, and instead wave and bang 

the object. Such Individual differences in style of interactio>i may 

foreshadow later variations in cognitive style with implications for 

attentional capabilities^ 

As in the previous pTiaSe of this test, the infant Is video-taped 

as he plays with the test Object. T^^o standardized objects are ore- . 

' ' ' * • < 

sented each for a duration ofv60 seconds. Coding and evaluation of 

schemas are made at anocher/t:tti\e . Fach schemas, defined by use of 

* operational definitions, is c&^d for duration and frequency of 



I Aon. ^* 



demons trat 

' Also at eight months, the infant's interest in objects, particularly 
novel objects, is assessed in a measure of exploratory behavior. The ^ 
infant is presented with a single toy for six minutes and then this' toy 
is paired with ten novel toys-forten one-minute trials. The infantas 
behavior is video-taped and later 'observed and recorded. Duration of 



'play with each toy, attention to the experimenter and mother, and qual- 
»ity of play in terms of the integration of visual and motor behaviors 
are scored. 

The eight-month explorator^^^^^^avlor measure assesses intensity of / 
interaction with objects as vell^s focusing on the infant's choice of 
novel and familiar toys. Thus, the eight-month measure follows up some 
of the variables recorded in the earlier visual attention measures. 
This particular tejehnique was used since earlier studies had indicated 
"tha^ the measure was sensitive to environmental effects and might he 
predictive of later abilities (Yarrow et al, 1972, 1975). Furthermore, 
we wished to have a 'measure of attention and exploration at eight months,' 
since state fluctuations are relatively less important at this age thaq 
at the earlier ages. j , 

finally, we come to the last of the evaluations, those given to the 
infant when he is nine months old. Sensorimotor series explore intellect- 
ual development by examining infant performance on tasks considered to 
be the foundation for later intellectual development (Piaget, 1952, 
Piaget, 1954). Since our target sample was derived from a population 

r 

with a higher incidence of later intellectual problems it seemed iraport- 
antf to include a sensorimotor series in our assessment battery. 
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There are several series, alT developed from Piagetian theory, which 
have been designed to evaluate the course of intellectual growth ^during 
infancy (Uzgiris & Hunt, 1966, Casati & Lezine, 1968, Escalona & Corman, 
1967, Gouin-D^carie, 1967, Gorman & Escalona, 1969). Fn" general all tlie 
series use tasks, similai: to those described by Piaget, to elicit behav- 
iors considered as representative of specific sensorimotor stages. 

Some have suggested that sensorimotor series would be more sensitive 
to differences in environmental circumstances than traditional measures 
of inF^aint development. ,^*fm:erestingly enough, the effect of milieu differ- 
ences on sensorimotor performance are Contradictory (Golden & Birns, 1968, 
1971, Wachs et al, 1971) . However, much of the research has focused on 
infants from different milieus aLd have ignored Organismic differencfes ^ 
sTnTh-Ma^m-e-terTn versus full term birth. A consideration of both sets 
of variables may show differences in sensorimotor performance. 

After reviewing all of the series we deci'ded on the Casati and Lezine 
(1968) Sensory Motor Series. It is fairly comprehensive, appeared to be 
reasonably easy to administer and scor^, and could be administered in a 
j^latively short period of time. We also liked the approach of the French 
authors; their series items were designed to be charact^istic of the intel 
lectual structures of Stages 4-6. ' After working with the series for a 
hile we made a few procedural modifications although the series remains 
sentially as Casati and Lezine developed it (Kopp et al\ 1974)^ 

We chose nine months to ajiminister their evaluation as we hoped ^ 
\t many of our infants would demonstrate the beginning of two import- 
behdviors-*-that of actual search for the hidden object, and the 
Lnnink of intentionality as e^cpfessed in an understanding of means-ends 



relationship^. ^These behaviors- as well as those shown in exploration of 
a specific object are evaluated. Tn some situations the presentation i 
is structured for the infant v/hile in o'^hers his spontaneous actions 

0 

IJ^th th^ presented object form the basis of his obtained score. 

The Gesell developmental examination is used as Che standard develop- 
ment tool at this age. We have^ chosen this measure becaus.e it provides 
'not only an overall score the infant ' s, developmental level,' but also 



allows us to examine' intra-infant Variability in, relation to gross and 
fine motor behaviors, adaptive, language, and personal— social develop- 
ment. ^This type of analysis can" be used to infer behavioral integrity 
and therefore these measures are independentTXlh^ other reason for 
choosing the Gesell is that its test items do not overl'ap with those 
found in sensorimotor series (Kpobloch & Pasamanick, 1974). 

The precpeding introduced our measure and now we will describe 
how they ar^ used. Pilot atudies were conducted on all new measures 
to determine the range and distribution of scores. A range of perfpf^ 
maTice scores from normal to abnormal was established for* each test and 
the raw scores were converted to standardized scores with means of 100 
and standard [deviations of 20. In this' way ,' the scores could be treated 
as equivalent and all tests summe^^and aveiraged to obtain a cumulative 
risk score at nine months. We arbitrarily determined that infants 
having an average cumulative score of 100 or less at nine months would 
he designated as high risk, and those with scores- greater tlian 100 as 
lo\7 risk. The first batterv of outcome measures or dependent variables 

/ ' 

to determine the validity of our risk sdorc will be obtained at two 
years of age. 



— ^ . ' . ^ 

. To give an example of the use of this svstem ^»e will' present ris^ 
. ^ . - . % 

scores obtained fo/ five prblect infants. ^ The'se cases illustrate the 

^porblems'of identifying* the ^infant at high rlsV for later developmental 

•'disability whatever technique one wishes'to use X'^'ahle 2). Baby 1 vas 

verv small at birth having been born 14 weeks pre-term; on this basis 

• ^* ' ^ . 5 . 

. alone she was fortunate tb survive. In addition, she suffered -a sig- 

nlf leant number of non-optimal obstetric and pof^tnatal complications. 
tHowever, of her neonatal' behayj.oral measures only -her visuaj. attention 
Performance was very deviant. After the first month of life her phys- \ 
ical development was normal and she did "very well on the performance 
measj^res at 3-4 mobths, with the exception of the 3 months sljeep- poly- 
graph. This reflected some deviancy'. At eight and nine months her 
>ehavioral performances on all measures except the hand precision and \ 
•schema assessment were reasonable. Ue were encouraged by her develop- 
, mental^ progress despite scattered poor performances on some assessments 
at each age level. \ Her cumulative risk scom is below 

the mean of 100 so she remains at' high/rfsk bv our definition but we ere 
nVvertheless, optimistic about her future. 

The social circumstances of this beby ere very complex. 'Her mother 




is an alcoholie^any epileptic and is seldom able -to. care for the 

babv. Currently the parents seem to b^nermanently separated. The 
» 

father' has managed well in carfng for the baby j^th the, help of, neigh- 
bors. They baby sit for him when he is working,^ although at present 
heVs unemployed. ' Our .public health nurse; was able to be of considej- 
able .help to the father in organizing care for the b^by. Given this 
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adverse fenvironmerft and the very hazardous heglnnlng of Ufe of this 

•child 'it is araazlpg she is doing so well. 

Rabv 2 illustrates the problems of a small for Restatfonal age 
Infant. He was born only fivf weeks pre-term but weighted only 113^ 
grams, the average size of a bahv born 10 weeks before term. This some-i 
times occur! uith' babies born of mothers^ with Severe toxemia. This 
mother had severe seiz.ures at the time she went into labor iar\d an emer- 
gency Caesarean section was necessarv. She remained' in critical condi- 
tlon For a few days. The baby had some respiratory distress at first 
but then he improved. His term sleep polygraph 'was verv deviant but 
the other measures were normal. His general health remained ^ood, after 
the initial ^problema.^ as indicated bv tl^e Pediatric Complication scores. 
His sleen polygraph score was again deviant at 3 radnths and this caused 
ys continuing concern. His. visual attention performance was fflso poor 
at 4 months, but his Resell test performance was adequate. We were very 
conccrned^bout this baby, fearing he might manifest more problems with 
maturation, however, we were encouraged by^^J^ls performance on the OeselJ 
test. At 8 montha his hand precision and schema performance was poor 
but his visual and manual exploration of objects was good and at nine 
months his cognitive and Gesell test performances were quite adequate. 

The parents pleased with his developmental progress and did not 

k 

identify any particular areas of concern. His total cumulative score is 
belpv 100 and places him at high risk as might ha^^e been expected. How- 
ever, the areas of good performance and steady progress are encouraging 

The family of this baby ere middleclass. The primary complication 
*here was the threat to the mother *8 life at the time the baby was born. 



Foj this reason the family has been advised by the obstetrician not to 
have anyfaore children. Thus, all their attention and conterns are focused 
on this baby. This Is potentially a hazardous emotional situation which 
the^'p^ents have manaj^ed well so far.' * 

^.ibv 3 vns horn 7.weeVs ore- torn nnd was avGrap:>p size for thi<^ * 
Icnp.tK of gestation. ^There were sig-nificant complications during preg- 
nancy and jiellvery and in "the neonatal period. His sleep polygraph was 
^somewhat deviant but his other behaviors were normal. His sleep poly- ^ 
graph continued to be deviant at 3 months. His A months Gesell test 
perfontiance was lowered primarily because of some motor difficulties, . 
however* his social ^and visual awareness was good as evident in the visual ' • 
attention score. Huring the next few monthe:, ^r^fore he was 8 months past . 
ter^, it was apparent that the motor difficulties seen on the A month. 



, O^sell test were earlv manifestations of cerebral palsv involving his arras 
and legs., This^as verv mild at first but became more pr6nounced with 
maturation. Uis mot A— handicap influenced all of his eight ^and. nin^ 
months scores adversely. In this child there was a progressive, 
deterioration of performance rather than the steady progress noted in^the 
previous cases. His cumulative risk score is below lOf^ and places him at . 
hi/7h risk. Clinically, we feel this boy has good intellectual potential 
which was manifest in comnlex social interactions. His good A months visual 
attention performance may also be an imllcatlon that he can use visual 
mechanisms td sustain his cognitive growth. 

i 

^ The parents of baby 3 are both professionals who had had consider- 

able experience with handicapped children. They also knew of the hazards V 
* of preterm birth and were fearing their child might be handicapped. 

■ ' _ . \ 

» 
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Hnfortunately their fears became reality/ They have coped well with his 
perebtal palsy but with 'almostWoo much effort provide a compensating 
environment resulting at times in what appeared to be.-an over stimulat-. 
Ing environment. 

' Baby 4 represents th^ relatiyelv benign course of many infants !>orn 
,y6nlv fiv^ weeVs pre-term/and of norrisi weight for this g(^station'. ^xcovt 
for some neonatal meddcal problems indicated in his postnatal vronplifa-. 
tions score his otfier scores are all good like those of babv 5, a normal 
full tprm infant. The cumulative risk score Is above'lOO so be is no ^ 
longer considered at risk -in our <5vstem. 

Tlic parents of this hnhv arc hif\h school ^rnduates ,ind rho f.nther Is 
n labor forenian. . Tiipy have t\:o oldcV r.irls and hadn't planned on another. 
* child. ' Hov;ever, thov have been very pleased with their babv boy'and hav^e 
ne,vcr b^en concerned^out him. Thev placed fev demands on the nurse or 

" Although babv 5 represents a normal full term infant with good per- 
formance at all ages vith a goodj cumulative risk score still there are 
scattered poor perf ormancps on isolated tests. We expect that normal 
infants may do poorly oq some tests oftfen fox extraneous reasons 'that 
we cannot control. However, the cumulative score concept should prevent 
a sporadic poor performance on anv test from producing a de>>iant risk. score 

The mother of baby 5 is a skillful mother and very kn6wledgeable 
about child development. J5he has made maximal use of all the help the 
doctor^and nurse could give her in furthering^ her knowledge about babies, 
but,w^ feel she would have done very well on her own.* 

■r 

These cases provide an example of how the risk score system Is 
derived from the Infant's history, and performance. • 
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.We have two primary purposes fpr' 'our assessment system: one is .^o ' ^ 
. identify infa^its «t high Ji«k for later developmental^ disability with greater 
^ aecuracy^ than has -b^en possil^le in the past^ and/die^ther is, to define^ the 
•areas of deficit with greater sf^ecif ficity . ' ^ \. 

To do thJp we have designed a cWul-ative risk sysCom thjit features the " 
use of. multiple. measures. We expect tshat che most valid predictibns will be 
. made usTng- cRistef s of tfiese measures.* "The -strength of the approach used 
is that it will niake possible the ideai^if icatior/of th^ contritions made '■ 
by 'tl?e various meas;ires independently and- in combination. With .this 
infprmatjon it may b^poi^ible to design a more effective %yJtem either by 
eliminating c«tain measures or u^lizing a weigHting system.' Ip addition, 
the strength of the '^^us components of each measure can he evalul,te<] In 
/elation to risk score and later performance so the indivi'dual neasure^ can 
bo evaluated in relation to risk score knd • later ^rfonnanco so Che Irfdivl- 
-.dual measures can be improved. We anticipate that the risk score "system * 
will be applicable for Infants identified as at risk for developmental di«-' 
abilities due to environmental ^id/oj; biological factors, ^ ' 

■ Our research goals are complex and the fulfillment of the goals Is d6- - 
manding. The tksk is made easier by having a4trong clini'cal services - 

team pro^des a program of medical and supportive care to the project' 
famiH-es. ■ -Every family is. assigned to a team of a pediatrician and a public " 
nurse and consulting social worker. The doctors, nurses' and^social worker <" 
have^all been trained in infant development, well baby care, and.family 
counseling. Contact is ma^e in the nursery j^y the doctor or nurse with a ' ' 
foliow-up call^ade 24 to 48 hours after the baby has gone home, a home ' 



visit hy the nurse one veek later, and clinic visit starting nt two" ueeks 
of age. From then on the frequency of phone calls, home visits and 'clinic 
visits* depena on family needs hut kre never more than a month apart,, xn the 
fir^t year and ever^ 2 to 3 months in the second yoar. Spanish speaking 
fanllles are assigned to a Spanish speaj^inr, nurse or a Spanish speaking 
/ Social Work assistant who translates for the nurse and doctor. We feel 

* • 

this form of non-spec^fir Intervention is established as helpfil and should' 
be standard care available to famiht^^ everyv;here.' 

. We recognl^fe that despite' this help there will be some infants with 
per<^ls.tlnp, developmental problems. These infants are likely to bT^those 
ylth -biological problems, which even though mild, make them very vulnerable 
'to any adversity in, their environment. We believe that a special interventlo 
program is necessary for them. Th'erefore, we have established^ program that 
is Individualized for each infant, and focuses on the mother as. the major 
mediator of diange. This educational intervention extends from the time thaf 
the child Is ten "months until he reaches two years of age (Kass o.t al, 1P75>. 

Wo are pointing out these two kinds of intervention because some people" 
have the impression that we are opposed to any type of int^ventlon before 
9 months of age. We feel that ther^ Is a great need for the kind of parent 
counseling and assistance that is provided by public health nurses ind ' 
pedlai:rlcians, but for all infants and parents, not just those considered -1 
at risk*. * * ^ 

We are concerned about labeling infants "high risk; very early' in life, 
particularly in tTf^rfirst month? of life.' Such a lab> can be Very jllsn.ptive 
to caregiver-child attachment and interaction. Considerable damage" can be* 

♦ 

done by unwarranted labeling of many infants corfsidcred at' biological risk 
m the neonatal period who will do well without a "specialized" 'intervention 



program. Is'e Xave foun^ that in the early months of life parents of Infants 
at risk arc. primarily concerned 'with the survival of the Infnnt ami the r- 
organlzatipn^'of thnic J.'iveR to accommodate the infant. It Is In the- latter 
half of the first year that they become concerned about ^specific details of 
, developmental deviance. They are also more receptive to discussion of these 
problems and. more amenable to our specific education intervention. Infants 
with obvious congenital anomalies or chromosomal abnormalities such as Down'^ 
syndrome and severe neurological damage are exceptions and can be recognized 
, at' birth or soor. after but they are only a small proportion of children 
ultimately identified as developmentally disabled. 

In addition to the problems associated with "labels" we also suggest 
that early, very specific intervention programs directed at a. young - sick 
infant do not take into account several factors. For example', they maf ir/cr- 
look individual differences in terms^f the infant's physiological needs and 
his early preferred modes of information intake and processing. Furthermore, 
'such programs increase parental anxieties and ignore the problem of early 
diagnosis that we discussed previously. 

The critical questions about our research, the risk score system and 
the specialized intervention, cannot be addressed until the infants are 
evaluated at two years of age. Significant questions concern the validity 
of our diagnostic svstem and the effectiveness of intervention. Our out- 
come neasures consist of standard developmental 'assessments (Rayley and resell 
as well as evaluation of the following competencies:' Cognitive, 'expressive 
and receptive language, persistence, and social-af f ectivi behaviors. The 
infant's overall ability will be determined hy his performance on all these 
measures as well as separate estimates based on the individual standardized 
developmental examinations. 



Table I. Assessments and ac^e of administration. 

1. Obstetric Complication? 

2. Postnatal Complications 

3. Sleep Polygraph - Term* 

4. Newborn Neurological - Term 



5. Vi.sual Attention - Term 

6. Sleep Polygraph - 3 months* 

7. Pediatric Complications - 4 months* 

8. Resell Test - 4 months 

9. - Visual Attention ~ 4 months 



10. ^^and Precision and Sensorv Motor Schema - 8 'months* 

11'. Exploratory Behavior ~ 8 months* 

12. Cesel^ T^^ - 9 months 

13. Cognitive-Cesati, T>e2ine Test - Q months* 

14. Pediatric Complications - 9 months* 



* Term « 40 x>7eeks conceptual age which is gestational age plus 
a from birtfi. 

3,4,8,9, months are calculated from term. 
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